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The ready communicability of poliomyelitis among human beings is 
generally accepted save by a certain few who disregard the idea of se- 
lective susceptibility.  It is  a  matter  of common observation that of 
many persons of the most susceptible age definitely exposed only a small 
percentage contracts the disease.  For example, in the New York City 
epidemic of 1916 there were approximately 1,200,000 individuals of the 
more susceptible ages, i.e. less than  16 years,  1 exposed, but only 8,750 
of this age in a total of 9,023 cases were reported.  In the epidemic in 
Westchester  County single  cases in families of several children  were 
the  rule,  although  in uncommon  instances  there  were  three  or four 
cases in  the  same  family.  This  contrasts  strongly  with  the  experi- 
ence  ill  measles,  a  disease  of  practically  no  selective  action.  The 
reasons  for the  differential power of poliomyelitis  to  attack  are  not 
apparent;  howeverl three facts have been lately adduced  which  may 
have  some bearing  on  the problem.  In  the  first place,  it has  been 
shown  2 that the route of infection with the virus by the blood stream 
in monkeys, which is ordinarily closed, except when massive doses are 
used, can be traversed by smaller doses after intraspinal  injection of 
substances  setting  up  an aseptic meningitis.  Infection by the nasal 
route is  also  rendered  much  easier  by similar  preparation.  Flexner 
and  Amoss  3 suggest  that  possibly one  reason  for  infection  or  non- 
1 The epidemic of poliomyelitis (infantile paralysis) in New York City in 1916, 
Department of Health of the City of New York, Monograph series,  No. 16, New 
York, 1917. 
2 Flexner, S., and Amoss, H. L., J. Exp. Med., 1914, xx, 249. 
3 Flexner and Amoss, Y. Exp. Med., 1917, xxv: 525. 
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infection  in  persons  exposed may lie in the patency or continuity,  as 
the  case  may  be,  of  the  meningeal-choroidal  complex.  Secondly, 
Zinghel  4 has  shown that  whereas only 30 per cent of apparently nor- 
mal  children  yield  a  positive  reaction  to  intradermal  injection  of 
diphtheria  toxin,  about  80  per  cent  of persons  recently  recovered 
from  poliomyelitis give  a  positive  reaction.  This  suggests  either a 
general  state  of  lowered resistance,  as indicated by susceptibility to 
both poliomyelitis and diphtheria, or less probably that infection with 
the former reduces resistance to the latter.  Thirdly, Amoss and Tay- 
lor  5 noted  the  power of nasal  washings  from  certain  individuals  to 
neutralize the virus of poliomyelitis and suggest that this action may 
be the  first line of defense against poliomyelitic infection. 
No definite data have been presented to indicate variations in re- 
sistance  to  poliomyelitic virus  among  monkeys,  except perhaps  tile 
impression  that  tuberculous  animals  seem  to  be  more  susceptible. 
Moreover; the conditions of the experimental infection are purposely 
arranged  to reduce the  chance  of variations  in individual  resistance. 
Tile  virus  when  it  has  once  been  adapted  to  tile  monkey  becomes 
highly infective and remains  so during  many  animal  transfers.  Fi- 
nally,  however,  after  several years passage tile virulence diminishes3 
The original M. A. strain adapted to monkeys by Flexner and Lewis  7 
in  1909 now possesses less infective power and  lends itself to obser- 
vations on susceptibility in experimental poliomyelitis. 
The  observations  of  Peabody,  Draper,  and  Dochez  s  on  human 
cases and of Taylor 9 in experimental poliomyelitis with regard to the 
remarkable lymphocytic changes accompanying the infection and the 
focal  infiltrations  of  these  cells  as  one  of  the  histological  charac- 
teristics  of the  disease suggest an  intimate  relation  between the  in- 
fection and the circulating lymphocytes.  It may be possible by bring- 
4  Zingher, A., Dept. Health, City of New York, Reprint Series, No. 52, 1917. 
5  Amoss, H. L., and Taylor, E., J. Exp. Med., 1917, xxv, 507. 
s Flexner, S., Clark, P. F., and Amoss, H. L., J. Exp. Med., 1914, xix, 195. 
Flexner, S., and Lewis, P. A., J. Am. Med. Assn.,  1909, liii, 1639. 
8 Peabody, F. W., Draper,  G., and Dochez, A. R., A clinical study of acute 
poliomyelitis, Monograph of The Rockefeller Institute for Medical Research, No. 
4, New York, 1912. 
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ing about conditions in which the lymphocytes are greatly diminished 
to render the monkey more susceptible  to poliomyelitic virus.  The 
experiments here recorded support  this  belief. 
EXPERIMENTAL. 
By exposure to properly controlled doses of x-rays it is possible to 
diminish  the  circulating  lymphocytes.  :°  Accordingly,  two  normal 
monkeys were  selected  for each  experiment.  One was  treated with 
x-rays:: daily or every other day until the total number of lympho- 
cytes per c.mm. of blood was between 1,000 and 2,000.  A  Berkefeld 
filtrate of a  5 per cent suspension of glycerolated M. A. virus was in- 
jected intracerebrally into the x-rayed and the  control  animal.  The 
dose of virus was previously titrated  and  known  to be subinfective. 
Should the dose of the virus be too large, both animals  are infected, 
and if the maximum  subinfective dose is reduced by more than one- 
half,  the more susceptible x-rayed animal  does not respond with  an 
attack of poliomyelitis. 
Three series of experiments were carried out according to the plan 
outlined.  The protocols follow. 
Series  I.--Macacus  rhesus  A  (control).  Jan.  17,  1917.  Blood count,  7,750 
lymptiocytes and  3,950  polymorphonuclear neutrophilic leucocytes per  c.mm. 
Injected intracerebrally with 1 cc. of a Berkefeld filtrate of a 5 per cent suspension 
of glycerolated poliomyelitic monkey cord (M. A. virus).  The monkey remained 
well. 
Macacus  rhesus B.  Jari. 3,  1917.  Blood count, 6,930 lymphocytes and 8,465 
polymorphonuclear neutrophilic leucocytes per c.mm.  Received seven doses of 
x-rays, 6 Holzknecht units each.  Jan. 15.  Blood count, 1,257 lymphocytes and 
4,300  polymorphonuclear neutrophilic  leucocytes per  c.mm.  (Text-fig.  1,  a). 
Jan.  17.  Received intracerebrally (at the same  time as the control injection) 1 
cc. of the Berkefeld filtrate of M. A. virus used in Monkey A.  Jan. 23.  Excita- 
ble;  left  arm  paralyzed;  right  deltoid  weak.  Jan.  24.  Prostrate.  Jan.  27. 
Moribund; etherized. 
10 Taylor, H. I)., Witherbee, W. D., and Murphy, Jas. B., J. Exp. Med., 1919, 
xxix, 53. 
1: Unfiltered x-rays of 6 Holzknecht units each were given at each dose alter- 
nately on the dorsal and ventral surfaces.  Each dose was governed by the fol- 
lowing factors: spark-gap 3 inches, milliamperes  10, distance from the target of 
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Autopsy.--Se~ere  acute lesions of poliomyelitis, perivascular infiltration,  and 
necrosis of ganglion cells. 
Series II.--Macacus rhesus C  (control).  Feb.  5,  1917.  Blood count showed 
16,630  lymphocytes and  4,050  polymorphonuclear  neutrophilic  leucocytes  per 
c.mm.  Injected intracerebrally with 1 cc. of a Berkefeld filtrate of a 5 per cent 
suspension of glycerolated poliomyelitic monkey cord (M. A. virus).  The monkey 
remained well.  Mar. 5.  Began daily treatments with x-rays.  After seven doses 
the lymphocytes were reduced in number to 878 per c.mm., hut no symptoms of 
poliomyelitis developed.  6 months later the animal showed symptoms of tuber- 
culosis and died. 
Autopsy.--Marked  tuberculosis of lungs and abdominal viscera. 
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TExT-FIG.  1,  a  and  b.  (a)  Lymphocytic curve of Monkey B,  Series  I. 
Lymphocytic curve of Monkey D, Series  II. 
(b) 
Macacus rhesus D.  Blood  was  not  counted  before  treatment  with  x-rays. 
On Feb. 5, 1917, seven doses of x-rays had been given, and the blood count was as 
follows: lymphocytes 885 (15 per cent), polymorphonuclear neutrophilic leucocytes 
4,561  (77.3 per cent)  (Text-fig.  1, b).  On this date there was injected intracere- 
brally 0.75  cc. of the Berkefeld filtrate of M. A. virus given Monkey C (control). 
Feb.  8.  Ataxic;  protects  right  leg;  marked  head  tremor.  Feb.  9.  Weaker; 
ataxia increased.  Feb.  10, a.m.  Back and both legs weak; convulsion lasting 2 
minutes.  2 p.m.  Found dead. 
Autopsy.--All  the organs very pale; spleen very small.  Brain and cord showed 
intense  congestion  of  gray  matter.  Microscopic  examination  showed  focal 
infiltrations  and perivascular infiltration  of cells,  most of which were polymor- 
phonuclear  leucocytes.  The  lesions  in  the  cord  and  spinal  ganglia  were  not 
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Macacus  rhesus  E.  Blood count before exposure  to x-rays, 8,785  (43.6 per 
cent)  lymphoeytes and  8,180  (40.6"per  cent)  polymorphonuclear neutrophilic 
leucocytes.  Received eight doses of x-rays.  Feb. 5, 1917. The blood count was as 
follows: 581 (9 per cent) lymphocytes and 4,810 (74.6 per cent) polymorphonuclear 
leucocytes.  Injected intracerebrally with 0.5 ce.  of the poliomyelitic virus fil- 
trate.  The animal never showed symptoms of poliomyelitis. 
In this experiment the control showed no symptoms after receiving 
1  cc.  of the  virus  filtrate,  while  the  animal  treated  with  x-rays,  re- 
ceiving only 0.75  cc.,  succumbed  to poliomyelitis.  The control ani- 
mal after 28 days was treated with x-rays, but no symptoms developed, 
indicating the destruction or removal of the virus in that time. 
Series III.--Macacus rhesus F (control).  Apr. 3, 1918.  Blood count, lympho- 
cytes 8,432 (42 per cent) and polymorphonuclear neutrophilie leucocytes 11,162 
(55.6 per cent) per e.mm.  Injected intracerebraliy with 0.$ ce. of a Berkefeld 
filtrate of a 5 per cent suspension of glyeerolated  poliomyelitic monkey cord (M. A. 
virus).  The  animal  showed  no  symptoms of poliomyelitis,  but  later died of 
tuberculosis. 
Autopsy.--Almost total involvement of left lung and tuberculosis of abdominal 
viscera.  There was no evidence of poliomyelitie lesion in the brain or cord. 
Macacus  rhesus  G.  Mar. 26,  1918.  Blood count, 7,751 ($9.7 per cent) lym- 
phocytes and  3,985 (30.3 per cent) polymorphonuclear neutrophilic leucocytes 
per c.mm.  Received daily treatments with x-rays, 6 Holzknecht units each, for 
7 days.  Apr.  3.  Blood count,  1,625 (14.7 per cent)  lymphocytes and  3,200 
(75.3  per  cent)  polymorphonuclear neutrophilie leucocytes per  c.mm.  (Text- 
fig. 2, a).  Injected intracerebrally with 0.5 ce. of the Berkefeld suspension of the 
glycerolated poliomyelitie cord (M. A. virus) given Monkey F.  Apr. 10.  Ataxic; 
head tremor; partial paralysis of left arm,  right deltoid,  and  back.  Apr.  I1. 
Completely prostrate.  Apr.  13.  Blood count, 520  (10 per cent) lymphocytes 
and 4,664 (89.7 per cent) polymorphonuclear neutrophilic leucocytes per c.mm. 
Apr. 15.  Found dead. 
Autopsy.--Slight  perivascular infiltration and nerve cell degeneration in the 
medulla and slight focal accumulations of cells, most of which were polymorpho- 
nuclear neutrophilic leucocytes. 
The outcome of this  experiment supports  the findings in  Series I, 
in which  the  control animal  remained unaffected by a  dose of M. A. 
poliomyelitic  virus  which  caused  complete  paralysis  in  a  monkey 
which had been treated with x-rays with a  consequent decrease in the 
circulating lymphocytes. ~0[~"  3  6  g  Iz 
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TLxT-FIG. 2,  a  and  b.  (a)  Lymphocytic  curve  of  Monkey  G,  Series  III. 
(b)  Lymphocytic curve of Monkey I. 
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Survival of a Subinfective Dose of the Virus in Normal Monkey Brain. 
The usual incubation period in experimental poliomyelitis is from 
7 to 10 days; however, when a  weak viru# is used, or in neutraliza- 
tion experiments  5 this period may be prolonged to 30 or 40 days.  An 
incubation period  longer than 30  days is  unusual.  It is  presumed 
that  the  virus lay dormant for  the  prolonged period  or  multiplied 
slowly.  Multiple  injections of virus weakened by long storage in 50 
per  cent glycerol  TM  apparently lessen  rather than increase the resist- 
ance  of  the  monkey to  subsequent  injections, if  the  interval be- 
tween  injections  is  about  7  days.  Longer  periods  have  not  been 
studied.  In  monkey poliomyelitic brain  removed  from  the  body 
and placed  under  anaerobic  conditions  at  37°C.  in  tissue  ascitic 
fluid the virus may survive  without multiplication for  20,  but  not 
for  30  days.  13  The virus  does  not survive 7 days in vivo in rabbit 
brain  14 or  even  for  2  days  in  the rat brain.  15  Is  the  subinfective 
dose  then disposed of in  a  monkey of normal resistance within the 
maximum  incubation  period?  The  following  experiments  have  a 
bearing on this question. 
Experiment/.--Monkey C, used as control in Series II, received 1 cc. of virus 
filtrate intracerebraUy.  When  28 days had elapsed the animal was exposed to 
x-rays until the lymphocytes had decreased to 878 per c.mm.  The animal had 
no symptoms of poliomyelitis. 
Experiment 2.--Macacus rhesus H.  Mar. 23, 1917.  Received 1 cc. of filtrate 
of suspension of virus used in Experiment 1 and at the end of 15 days was ex- 
posed to x-rays, which reduced the lymplmcytes to 1,125 per c.mm.  No symp- 
toms o~ p~liomyelitis  developed in the animal. 
Apparently in the animals of normal resistance subinfecfive doses 
are disposed of in  15  days or are so weakened that jreducfion in re- 
sistance of the animal does not permit of infection.  The experiments 
were  not  carried  further  because  of lack of monkeys  due  to  war 
conditions. 
I~ Flexner and Amoss, J. Exp. Med., 1917, xxv, 539. 
13 Flexner and Amoss, J. Exp. Med., 1915, xxi, 509. 
14 Amoss, H. L., J. Exp. Med., 1918, xxvii, 443. 
15 Amoss, H. I., and Haselbauer, P., J. Exp. Med., 1918, xxvili, 429. 122  EFFECTS  OF X-RAYS  ON  POLIOMYELITIS 
Is Immunity Once Established Reduced by Exposure to X-Rays? 
Flexner and Lewis  16 have shown that monkeys which have passed 
through an attack of poliomyelitis are immune to subsequent injections 
of an active virus.  Moreover, sera from immune monkeys and from 
human beings  17 who have had the disease possess definite neutralizing 
power for the poliomyelitic virus.  It is probable that the immunity 
could not be destroyed by any of the factors accompanying exposure 
to  x-rays.  A  single  experiment was carried out on  a  monkey para- 
lyzed by previous injections of poliomyelitic virus. 
Experiment 3.--Macacus rhesus I  (active  immune)  had received  dried  polio- 
myelitic virus on Feb. 10,  1917, showed symptoms on Feb. 21, and had com- 
plete paralysis of both legs and deltoid muscles on Feb. 23.  The animal gradually 
improved  with residual  paralysis  of both legs.  Apr.  6.  Blood  count, 26,062 
(81 per cent)  lymphocytes and 4,920 (15.3 per cent) polymorphonuclear  neutro- 
philic leucocytes per  c.mm.  X-ray treatments were begun.  During the suc- 
ceeding 14 days ten exposures, of 6 Holzknecht units each, were made.  Apr. 24. 
The blood count was as follows: 1,739 (37 per cent) lymphocytes and 2,726 (58 
per cent)  polymorphonuclear  neutrophilic  leucocytes  per c.mm.  Apr.  25.  In- 
jected intracerebrally  with 1 cc. of a 5 per cent suspension of fresh poliomyelitic 
monkey  cord.  No symptoms  developed.  May  15.  Injected  intracerebrally 
with 2 cc. of 5 per cent suspension of active poliomyelitic monkey cord.  The 
animal remained as before without any increase in paralysis or other symptoms of 
poliomyelitis.  The lymphocytic changes  are  graphically  recorded  in Text-fig. 
2, b. 
In this experiment exposure  to x-rays sufficient to reduce the cir- 
culating lymphocytes to one-fifteenth of their original number failed 
to destroy immunity in  the monkey established by a previous attack 
of poliomyelitis. 
SUMMARY AND  CONCLUSIONS. 
In two series of the experiments here recorded the monkey which 
had been repeatedly exposed to x-rays responded with typical acute 
poliomyelitis to an intracerebral inoculation of poliomyelitic virus ill- 
16 Flexner and Lewis, J. Am. Med. Assn., 1910, Iv, 662. 
17 Levaditi and Landsteiner, Compt. rend. Soc. biol., 1910, lxviii, 311.  R~mer, 
P. H., and Joseph, K., Manch. reed. Woch., 1910, lvii, 568.  Flexner and Lewis, 
J. Am. Med. Assn.,  1910, liv, 1780.  Anderson, J. F., and Frost, W. H., J. Am. 
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trate, whereas the normal control receiving the same dose showed no 
symptoms.  In another series  the x-rayed  animal came down with 
typical poliomyelitis after inoculation with three-fourths of the dose 
which was not infective for the control.  It has been demonstrated 
that the x-rays diminished both the number of  circulating  lympho- 
cytes  and  the  resistance  of  the  animal  to  the  weak  poliomyelitic 
virus.  Whether  the lowered resistance of  the animals as the result 
of  the treatment  with  x-rays  is  due to the reduction of circulating 
lymphocytes in  each  of  the  x-rayed  monkeys is  not determined in 
these experiments. 
However,  the  great  reduction  in  lymphocytes in  human  cases* 
and in monkeys during the acute stage of experimental poliomyelitis  9 
and the gradual return of the cells to their former numbers during re- 
covery strongly suggest a definite relation between these cells and one 
factor of resistance in poliomyelitis. 
On  the  other hand, the  reduction in  resistance by  x-rays,  while 
definite, is not sufficiently great to warrant the conclusion that we are 
dealing with major factors governing infection or non-infection. 
Another experiment in this paper deals with the survival of a  sub- 
infective dose of the virus in the normal monkey brain.  A monkey 
receiving the  subinfective dose  of  the  virus  was exposed to x-rays 
at  28  days,  another  at  15  days  after injection, but neither animal 
showed symptoms of poliomyelitis.  It is concluded that within this 
period the virus  did  not  remain  unchanged in the normal monkey 
brain. 
An attempt to  reduce  the immunity in a  monkey acquired by an 
attack  of experimental poliomyelitis was  unsuccessful. 